Objective: To compare the ability of a rank-invariant nonparametric method with that of kappa statistics to evaluate the reliability of the Swedish version of the Tampa Scale for Kinesiophobia and the Self-Efficacy Scale by identifying systematic and random disagreement. The aim was, further, to compare 2 different statistical approaches to obtain a global value from multi-item scales. Design: A test-retest study. Subjects: A total of 46 patients with whiplash-associated disorders were enrolled and 39 (85%) completed the testretest assessment. Methods: Data from the multi-item scales were summarized using both sum and median scores. Paired data were evaluated with a rank-invariant statistical method to identify systematic and random disagreement. Data were also evaluated with kappa statistics.
INTRODUCTION
In rehabilitation medicine, health-related concepts are often measured by means of different types of questionnaires and rating scales. The Tampa Scale for Kinesiophobia (TSK) is a multi-item instrument that quantifies excessive fear of movement/(re)injury (Miller RP   1 ). The Self-Efficacy Scale (SES) assess the patient's confidence in his or her ability successfully to complete activities of daily living despite pain (1) . An important characteristic of an instrument is a high level of intraindividual agreement, especially in test-retest assessments. Furthermore, the instrument should be responsive, i.e. it should be able to detect clinically important changes over time (2) . To establish reliable measures, researchers are required to develop a conceptual understanding of the measurement level of data and to use appropriate statistical methodology.
There are basically 2 ways to obtain a global value from multi-item scales. Traditionally, and according to most manuals, multi-item instruments are summarized by calculating the sum score of all recorded items or within a certain domain (3, 4) . However, categorical data indicate only a rank order and not a mathematical value and sum scoring tends to over-interpret the numerical meaning that was originally intended. This means that sums of and differences between categories have no interpretable meaning. Another problem with the sum score occurs when one or several items have a missing value. Median scoring is an alternative to sum scoring that does not treat the data in terms of a numerical meaning (5) . The method is more appropriate for describing the distribution of ordinal data (6) . It considers the ordered structure of the data, and it is only slightly affected by missing values (5) . Even though scales are summarized by sum scores, it is not evident that sum score scales are linear and fulfil criteria for parametric evaluation, i.e. approximately normal distributed residuals, etc.
Several statistical methods have been developed to evaluate reliability between repeated assessments of continuous and categorical data. Unfortunately, there is confusion and misuse of statistical methods in studies investigating the level of agreement between ordered paired data (6, 7). Commonly used methods include correlation coefficient, linear regression, the paired t-test, limits of agreement, kappa and weighted kappa, the intra-class correlation coefficient and the repeatability coefficient (8); however, not all are appropriate tools for measuring agreement. Not only are linear regression, correlation coefficients and paired t-tests unsuitable for ordinal data, but they are misleading statistics and inappropriate approaches for judging agreement. For example, a correlation coefficient of 1.0 can be obtained even if the agreement between 2 repeated assessments is poor, such as when the second assessment consistently gives ratings that are exactly 2 units higher than the first (8) . Various reliability coefficients, such as Chronbach's alpha, are based on an assumption of normality, which is seldom observed in data from rating scales (6) . Svensson (9, 10) suggests that a specific ranking method approach should be used in evaluations of variables that are categorical or numerical and have an ordered structure. The method is suitable for all type of ordinal data irrespective of the number of categories and applicable for multi-item scales both on item level and on global level defined by median or sum scores. The method is also rank-invariant, i.e. any transformation of data will give the same result of the estimates. It takes into account the non-metric properties of data and can identify and measure the level of systematic disagreement independent of the level of random disagreement. The kappa statistic is a well-known method for the analysis of agreement between categorical data (7, 11, 12) and has been defined as "the proportion of the total amount of agreement not explained by chance" (11) . One weakness of the original kappa suitable for unordered categories is that it does not take the degree of disagreement into account. The weighted kappa was developed for use with ordered data, such as those collected with rating scales, and applies a linear weighting factor to each pair of disagreements to account for their importance (12) . Suggestions for how to weight the kappa statistics, e.g. linear or quadratic, have also been presented (13) .
The aim of the present study was to compare the ability of a rank-invariant non-parametric method with that of kappa statistics to evaluate the reliability of the Swedish version of the Tampa Scale for Kinesiophobia and the Self-Efficacy Scale by identifying systematic and random disagreement. The aim was, further, to compare 2 different statistical approaches to obtain a global value from multi-item scales.
METHODS
The paired data used in the present study were obtained from an ongoing randomized controlled trial (RCT) involving 47 patients with WAD. The RCT was carried out at an interdisciplinary rehabilitation centre that specializes in WAD. Inclusion criteria were subacute WAD (symptoms lasting for more than 6 weeks but less than 3 months) following a whiplash-type trauma to the neck. WAD was defined as a musculo-ligamental sprain or strain of the cervical region, no fractures, and no dislocations of the cervical spine. The exclusion criteria in the study were (i) unrelated diseases, (ii) additional injury that precluded completion of the questionnaire or would make evaluation difficult, (iii) previous severe neck pain for which the patient took more than 1 month of sick leave or received disability pension in the year preceding the accident, and (iv) inability to read and speak Swedish. The study was approved by the Ethics Committee of Göteborg University. During baseline assessment in the RCT, the Swedish version of the TSK and the SES were used to evaluate intra-individual agreement in a testretest assessment. The 2 instruments were first administered to the patients upon admission to the rehabilitation centre in a room with no outer disturbing factors. It took approximately 10-15 min to complete the questionnaires. The second assessment was carried out at the patient's home, to which the questionnaires had been mailed with a selfaddressed, stamped envelope. The time interval between the 2 test occasions was 3-5 days.
Measurements
Fear of movement/(re)injury was assessed using the Swedish version of the TSK. The TSK has previously been translated into Swedish in a forward and backward translation procedure by 2 other research groups (Linton 1 , 14), but there is only 1 publication that addresses the translation procedure (14) . The TSK contains 17 statements developed to identify fear of (re)injury due to movement or activities such as "It is not safe for a person with a condition like mine to be physically active". Scores range from 1 (strongly disagree) to 4 (strongly agree). The scores on items 2, 4, 8 and 16 are reversed so that high scores on all items indicate high levels of fear. The total sum score ranges from 17 to 68. No publication has investigated the reliability or validity of the original complete version of the TSK in American English. The Dutch version of the TSK appears to have sufficient reliability and validity (15) . The reliability and validity of the Swedish version of the TSK using sum scores has recently been established for patients with low back pain (14) .
Self-efficacy was assessed with the Swedish version of the SelfEfficacy Scale (SES), a 20-item scale aimed to assess the patient's confidence in his or her ability to successfully complete activities of daily living. The original version of the SES in American English was developed for patients with low back pain (1). It has previously been translated into Swedish and was modified to encompass all types of pain and not exclusively back pain (Denison 2 ). The translation was reviewed by a bilingual person whose mother tongue was English but there is no publication that addresses the translation of the scale. Scores range from 1 (not at all confident) to 10 (very confident). The total sum score ranges from 0 to 200, where higher scores indicate higher confidence. The internal consistency of the Swedish version of the SES is good (16) , which is in accordance with the psychometric data presented by Altmaier et al. (1) .
Statistical methods
According to the manuals, the item responses of the SES and TSK were evaluated using sum scores (1, 16, 17) . Also, an alternative method for scoring the primary data was used (5) , where the median values of all items were calculated. The statistical method used to estimate test-retest reliability was introduced by Svensson (9, 10) and was chosen to preserve the non-metric, rank-invariant properties of the data. The method provides estimates to identify and separately measure the level of systematic disagreement -a disagreement by group -and random individual disagreement -a change not explained by the groupbetween the 2 test occasions. Dispersed observations are a sign of individual changes in the response categories in the test-retest assessment. The empirical measure of the random part of the disagreement (individual dispersion) is called the relative rank variance (RV). Possible values of RV range from 0 to 1 and express the component of random disagreement, and are adjusted for systematic disagreement. The higher the RV the larger is the occasional contribution to the observed testretest disagreement. An RV equal to 0 indicates a lack of individual dispersion, which is the first of the 2 conditions that need to be fulfilled to achieve good reliability. The absence of systematic disagreement is the second and is expressed by the relative position (RP) and the relative concentration (RC). Values of RP and RC range from À1 to 1 and a value close to 0 indicates negligible systematic disagreement. The presence of RP (RP6 =0) means that the second of the 2 test occasions has systematically higher (þ) or lower (À) ratings. A non-zero RC indicates a systematic difference in the 2 sets of assessments, i.e. 1 set (occasion) of the paired data utilizes a smaller part of the range of the scale than the other set of data. The jack-knife method was used to estimate standard error (SE). In addition, kappa and linear weighted kappa were calculated to estimate test-retest reliability (7) and were compared with the results from the Svensson method. Kappa values can range from 0 to 1 and values greater than 0 indicate agreement better than chance. Guidelines for how to interpret values between 0 and 1 have been published (7) . All tests were 2-sided and p<0.05 was regarded as statistically significant.
RESULTS
One patient was excluded because of a lack of ability to read and understand Swedish. Of the remaining 46 patients, 39 (85%) had complete records on both test occasions. The mean time interval between the first (baseline) and second (follow-up) test occasion was 4 days (SD = 2).
To assist the interpretation of the test-retest assessments, the joint distribution of paired data is presented. The test-retest Fig. 1 . Joint distribution of (a) the Tampa Scale for Kinesiophobia (TSK) test and TSK retest assessments for the sum score of the TSK, and (b) the Self-Efficacy Scale (SES) test and SES retest assessments for the sum score of the SES. assessments for sum scores of the TSK and the SES are illustrated in Fig. 1 and for median scores in Fig. 2 . In both figures, the main diagonal is oriented from the lower-left to the upperright corner, which indicates unchanged assessments between 2 occasions. Fig. 1 indicates that there are some individual variations between the 2 test occasions concerning the sum scores. The kappa and the weighted kappa coefficient were 0.0 and 0.0, respectively, for the sum score of TSK, and 0.0 and 0.64, respectively, for the sum score of SES. The kappa and the weighted kappa coefficient were 0.65 and 0.73, respectively, for the TSK median score (Fig. 2a) , and 0.15 and 0.0, respectively, for SES median score (Fig. 2b) . The disagreements in median levels all occurred close to the diagonal. The levels of systematic disagreement (as a group) and random disagreement (individual) are illustrated in Table 1 . The table presents the pattern of systematic (RP and RC) and random (RV) disagreement between the repeated assessments of the TSK and the SES using both the sum and the median scores and their corresponding 95% confidence intervals (CIs). All RP and RC values for both the median and the sum scores were close to 0. The corresponding 95% CIs show no evidence of systematic (statistically significant = CIs excluding 0) disagreement. The RV value of the TSK median scores was close to 0, revealing negligible random disagreement. Although the RV value of the SES median scores was higher, indicating more frequent, random individual disagreement, it was statistically nonsignificant since 0 is included in the 95% CI. The RV values of the TSK and the SES sum scores, however, are considerable and reveal significant random disagreement since 0 is excluded from the 95% CIs.
T E S T R

DISCUSSION
The results demonstrate that the Swedish version of the TSK and the SES are reliable measurements in patients with WAD. The weighted kappa coefficients close to 0 could be explained by the significant RV values and not by systematic disagreement. This shows the superiority of the rank-invariant method by Svensson to kappa statistics because the method can identify and separately measure the level of systematic and random disagreement between 2 test occasions. Even though kappa has the advantage that it is corrected for agreement with statistical chance, in some situations, kappa coefficients may be misleading or other approaches such as the Svensson method might be preferable. For example, in the present study, the weighted kappa coefficient indicates good reliability for the sum score of SES even though the RV was significant. This can be explained by the linear weights given to the ordered categories of the SES sum score. The non-weighted kappa reveals the lack of agreement. Another disadvantage with the kappa statistic is its dependency on the number of rating categories, which not even the weighting scheme escapes (13). Ludbrook (12) states that even when weighted kappa is used appropriately, it provides no useful information of the presence of bias, which in this context means when one set of data is consistently higher (or lower) than the other (systematic disagreement). Accordingly, the interpretation of the weighted kappa coefficient requires careful consideration of the number of categories and type of weighting scheme (12) . Another disadvantage with the weighted kappa statistic is that it interprets differences in ordered categorical scales numerically. An individual disagreement between 130 and 150 on the SES sum score is considered larger than a difference between 110 and 120.
If the results of the present study are to be interpreted correctly, the internal structure of the scales should be considered. The ability to catch the true treatment effect, i.e. responsiveness, of a 4-category scale like the TSK may not be sufficient (18) since the categories may be too few in number, which makes intra-individual changes difficult to detect. Considering this, small (weak) treatment effects might be undetectable with the median score of the TSK; but on the other hand, the sum score has too many outcome categories, which provide the scale with uncontrolled individual disagreement and obscures. Although a 10-category scale like the SES may have too many outcome categories, it is still more differentiated and therefore more likely to catch true treatment effects as long as there is no substantial random individual disagreement. The sum score of the SES, however, is characterized by random individual disagreement, which thereby reduces the chances to detect true treatment effects. In this study, irrespective of the type of Table 1 . Test-retest reliability of the Tampa Scale for Kinesiophobia (TSK) and the Self-Efficacy-Scale (SES). Systematic Relative Position (RP) and Relative Concentration (RC) and relative rank variance (RV) between repeated assessments using the sum and median scores and the corresponding 95% confidence intervals (CIs). SE = standard error (n = 39) labelling, the data were analysed using the ordered structure only and not the distance between outcome categories. However, the sum score itself numerically interprets the primary data. However, the activities on the 20-item SES vary in performance difficulty, and the items could be divided into underlying factors and analysed thereafter, as suggested for the TSK (14, 17, 19, 20) . This is important to consider since the use of the median score to analyse data that have not been classified into underlying factors may affect the responsiveness of the assessment method by obscuring improvements or changes in a particular factor. Johnston et al. (21) emphasize that one must distinguish instability due to unreliability of the measurement from instability in the phenomenon being measured. The 3-5-day test-retest interval that was chosen in the present study to prevent the participants from recalling their answers might have resulted in the random fluctuation revealed by the sum scores. If there is a day-to-day variation in emotional experience such as the measure of fear of movement/(re)injury or the patient's confidence in his or her ability to successfully complete activities of daily living despite pain, it might be difficult to establish high test-retest reliability. For instance, an individual could one day face a particular problem or activity that might aggravate the pain and make the person more aware of it; this might reduce the person's confidence in carrying out the particular activity or increase the fear of movement in succeeding days. Nevertheless, that the questionnaires were administered in 2 different environments in the test-and retest assessment could have had an effect on the outcome.
The new statistical method applied in the present study might interfere with the well-established method of handling the data and result in a lack of comparability with other studies. Furthermore, the results in the present study cannot be transferred to the version of the SES in American English because the Swedish version has been modified to encompass all types of pain and not exclusively back pain. The generalizability of our results needs to be further investigated.
In conclusion, this study demonstrates that the Swedish version of the TSK and the SES are reliable for patients with WAD. In contrast to the rank-invariant method, the kappa statistic does not provide useful information of the presence or absence of systematic or random disagreement between the 2 test occasions. The median score potentially improves the reliability by lack of disagreement while the sum score is characterized by random individual disagreement, which limits the instruments' potential to identify true treatment effects, i.e. responsiveness. This study has increased the understanding of advantages and limitations of 2 non-parametric statistical methods and, it is hoped, will contribute to the development of reliable measurements.
